Thirty-six patients with chronic renal failure underwent homotransplantation of cadaver kidneys. Common problems were anaemia, hypertension, metabolic acidosis, raised blood urea levels, hyperkalaemia and hyponatraemia. Twenty-seven patients were treated with an immuno-suppressive drug (azathioprine) pre-operatively. Transplantation was the sole procedure in the first eight patients but, when possible thereafter, simultaneous transplantation and bilateral nephrectomy and splenectomy were performed. Several patients required further operations and four patients underwent a second transplantation. Anaesthesia was induced with thiopentone sodium or cyclopropane and oxygen, and maintained with halothane, nitrous oxide and oxygen. Suxamethonium was used in most patients. Ten patients have functioning transplants; two died from hyperkalaemia and one from cerebral cedema in the immediate postoperative period. The principal later cause of death was infection. Patients with functioning transplants may subsequently need surgery for an unrelated condition. Steroid and immuno-suppressive therapies are at present continued indefinitely, so that in this event extra steroid cover must be given and strict asepsis observed.
Between 6,000 and 7,000 people die from renal disease every year in England and Wales, and of these approximately 40 per cent are between the ages of 5 and 55 years (Leading article, 1963) . Renal transplantation between identical twins has been known to be a successful procedure for some time Harrison, 1955, 1958; Merrill et al., 1956 ) but it has only fairly recently become feasible between unrelated persons, using either live or cadaver donors (Hume, Merrill and Thom, 1955; Calne et al., 1963a; Dunea et al., 1965; Hamburger, Crosnier and Dormont 1965) .
This procedure is beset with many problems, not least for the anaesthetist, involving both the recipient and, in some instances, the live donor. In addition, the recipient may require anaesthesia for operations preceding renal transplantation and also for surgical procedures becoming necessary as a result of transplantation. Some of the aspects of anaesthesia for renal transplantation are dis-cussed in the following paper, which is based on experience of thirty-six homotransplantations of cadaveric kidneys, carried out in St. Mary's Hospital, London (Porter et al., 1963; Mowbray et al., 1965) .
BASIC PROBLEMS
The operation of renal transplantation is very often an urgent procedure in a potentially ill patient and to produce the best results, therefore, the necessary medical, surgical, anaesthetic and nursing facuities must be available at all times. The patient, also, must be kept as well prepared for surgery as is possible, since the availability of donor material is by its very nature uncertain. These factors are vital, since a short "excisionimplant time" is essential for good functioning of the renal transplant. In this connection, Mowbray and his colleagues (1965) consider that acute tubular necrosis will occur in the transplant if the ischaemia time at normal temperatures exceeds 100 minutes. The "total ischaemia time" compatible with adequate function, however, can be prolonged by cooling the donor kidney prior to transplantation (Calne et al., 1963b ).
The recipient.
The patients in this series have all been young (aged 11-44 years) and suffering from chronic renal failure. As the final clinical picture is the same, no matter what the original disease, detailed descriptions of individual patients' signs and symptoms will not be given. The method of selection of these patients may be found in the paper by Mowbray and his colleagues (1965) .
The anaesthetist should, however, be aware of and bear in mind the following clinical and biochemical disturbances.
The general clinical state. This is usually poor by virtue of weight loss, asthenia, mental lethargy, nausea and vomiting, and a bleeding tendency associated with uraemia. Infection, accentuated by the pre-operative use of immuno-suppressive drugs, is the most common cause of death.
Anaemia. The cause of the anaemia in these cases is not dear; it appears to be due partly to suppression of erythropoesis and partly to haemolysis (Merrill, 1955) . Although periodical transfusions are required to maintain haemoglobin levels, an anaemic state may still be present at the time of operation.
Hypertension. Most of the patients are hypertensive, and may show initial signs of heart failure and even encephalopathy. If control is not achieved by hypotensive drug therapy and adjustment of the blood volume by peritoneal dialysis, bilateral nephrectomy may be required before transplantation (cf. case No. 15) .
Metabolic acidosis. In most patients this is controlled by peritoneal dialysis, the perfusing fluid containing 44.6 m.equiv/1. of base (as lactate).
Raised blood urea level. Patients in chronic renal failure are capable of tolerating high blood urea levels surprisingly well. Table I shows the blood urea levels at the time of transplantation. Very high levels were present in patients 1-9, in whom pre-operative peritoneal dialysis was not used. Dialysis is now used routinely, an attempt being made to maintain the blood urea level at about 100 mg/100 ml. From table I it can be seen, however, that the level is often above this at the time of transplantation (in case Nos. 9-36).
Hyperkalaemia. Although pre-operative treatment by peritoneal dialysis and ion-exchange resins has usually maintained the serum potassium level within normal limits, repeated blood transfusion or metabolic acidosis may raise it to a dangerous degree. Should this occur, an insulin and dextrose infusion may be needed in addition.
Hyponatraemia. This has been corrected by peritoneal dialysis, the perfusing fluid containing 141 m.equiv/1. of sodium.
The donor material.
In this series all donor kidneys were obtained from cadavers. Woodruff (1964) has outlined the the ethical considerations relating to the use of live donors. In this case the operations of removal of the donor kidney and preparation of the recipient are made simultaneously, with minimal delay. In this hospital, however, it is felt that results so far obtained do not justify the use of live donors. Work with animal kidneys as donor material (heterotransplantation), remains in an experimental stage at present (Starzl, 1964) . Dunea and his associates (1965) have emphasized the importance of maintaining a circulation through the cadaver kidney during its removal. In the present series external cardiac massage and artificial ventilation were carried out during removal of the donor kidneys, both of which were removed in order that the better might be selected, whilst in certain cases two transplants were performed simultaneously. After removal, the kidneys were placed in sterile polyethylene bags and then into a mixture of ice and water, the relevant times being noted.
The importance of blood group incompatibility beween donor and host is not yet certain (Dunea et al., 1965) ; however, it is probably safer not to cross the major blood groups, and where possible in this series attempts were made to match the ABO groups of donor and recipient.
The operation.
Since case No. 11, the donor kidney has been transplanted into the right iliac fossa in all patients ( fig. 1) , and where possible simultaneous bilateral nephrectomy and splenectomy have been performed. Bilateral nephrectomy was performed prior to transplantation in two patients (Nos. 15, 29) , and in two others (Nos. 31, 36) the left NOTES Figures are given only for serum potassium levels measured immediately before operation. Where no figure is given, a previous reading was within normal Limits. The drugs given pre-operatively refer to those administered in the week preceding transplantation. Routine treatment indicates peritoneal dialysis, and the use of azathioprine only. nephrectomy and splenectomy were performed after transplantation (see table II) . Details of the operation. The decapsulated donor kidney is placed in a prepared extraperitoneal site in the right iliac fossa, after identification of its artery, vein and ureter. The vein is first anastomosed end to side with the common iliac vein, then the artery, either end to side with the common iliac artery or end to end with the internal iliac artery ( fig. 1 ). Heparin is given into these vessels at the time of initial clamping. When both anastomoses are complete protamine is given to reverse the action of heparin and the blood flow is established in the transplant. At the same time the anaesthetist injects hydrocortisone sodium succinate (Solu-Cortef) 200 mg and mannitol 20 g intravenously. The former constitutes the start of the postoperative steroid therapy and the latter an attempt to prevent acute tubular necrosis in the transplant (Barry et al., 1961 ). The right kidney is then removed and the ureter of the grafted kidney placed in the bladder.
Through a second incision, the left kidney and the spleen are removed. Catheters are passed into the ureter and bladder, and are connected to a closed drainage system to measure urine output and to preserve sterility. The operation usually lasts 3 to 4 hours.
Anaesthetic technique.
Owing to the often urgent nature of the operation it may be necessary to aspirate a full stomach before surgery. Pre-anaesthetic medication consists of atropine only, except in the fitter patients, to whom pethidine with levallorphan (Pethilorfan) 100 mg, is given in addition.
As soon as the donor kidneys are inspected and one or other found suitable, anaesthesia is induced with a sleep dose of thiopentone 2.5 per cent. In the less fit, an inhalation induction em- ploying cyclopropane 50 per cent and oxygen, is preferred. This is followed by suxamethonium chloride 50 mg intravenously, spraying of the larynx with 4 per cent lignocaine solution and intubation with a cuffed Magill orotracheal tube. When spontaneous respiration returns, anaesthesia is continued via a semiclosed circuit containing an absorber, with nitrous oxide, halothane and oxygen. Arterial pressure is measured using an oscillotonometer, and the electrocardiogram is monitored by means of an oscilloscope. Dextrose 5 per cent in water is infused through a suitable vein in the forearm. An initial fall in arterial pressure is usually seen and is due to the interaction of the induction agents, halothane, and any pre-operative hypotensive drug therapy. Methoxamine 2.5 mg, combined if necessary with atropine to prevent bradycardia, has been found to raise the pressure satisfactorily.
When this initial fall has been controlled, any furtheT fall in arterial pressure is probably due to blood loss. This may be quite marked, owing to the extent of the operation and the use of heparin. Six pints (3.42 1.) of blood are crossmatched and are, if possible, available at the stan of operation. In order that loss may be assessed, all swabs are weighed and aspirated blood is measured.
If muscle relaxation is required for the lower (right iliac fossa) incision, small increments of suxamethonium chloride are given intravenously. Careful note is made of the times of starting and completing the anastomoses for the purpose of calculating "ischaemia time", and if protamine sulphate is required it is given slowly to avoid a fall in arterial pressure.
A rise in pressure is usually seen a few minutes after circulation has been established in the transplant ( fig. 2 ). Swales and Naunton Morgan (1965) carrying out studies in animals and man, have confirmed that this is due to the release of renin from the donor kidney. The hypertensive effect may be modified according to the degree of blood replacement, and in the present series of cases has not been severe, and has usually lasted about 30 minutes.
For the second (left subcostal) incision, good relaxation is required and increments of suxamethonium are given, ventilation being controlled. When both incisions are closed adequate spontaneous respiration is usually re-established, and since the patients have received only minimal quantities of anaesthetic agents recovery is rapid and the postoperative state can be readily assessed. Pethilorfan in a dose of 50-100 mg 6-hourly, has proved most suitable for postoperative analgesia. Table II shows the operation performed, anaesthetic technique employed and the outcome of the procedure in each of the thirty-six patients in the series.
DISCUSSION

Anaesthetic methods.
Spinal and epidural analgesia. These techniques were considered to be contraindicated. In one patient (case No. 29) epidural analgesia was used because it was possible to employ a low puncture at the interspace between the third and fourth lumbar vertebrae and to use a small volume of lignocaine 1.5 per cent; good control of the blood pressure was obtained. General anaesthesia was used in addition.
Vandam and his colleagues (1962) used spinal and epidural techniques for their series of seventeen cases of transplantation between identical twins, on the grounds of "avoidance of tracheal intubation, lack of sympathetic or stress response and elimination of reactive substances such as barbiturates or muscle relaxants". In all their patients, however, the only operative procedure was the transplantation.
Relaxant drugs.
Suxamethomttm chloride (Scoline) is the most suitable muscle relaxant in the writer's view because only about 2 per cent is excreted in the urine, the rest being metabolized (Wood-Smith and Stewart, 1962d) . The bradycardia sometimes associated with the intermittent administration of suxamethonium is treated with atropine. (Johnstone, 1955) .
Tubocurarine chloride is partially metabolized in the body, mainly by the liver, the remainder being excreted in the urine (Wood-Smith and Stewart, 1962c) . This drug was used in some of the fitter patients, and was given in divided doses to avoid the development of hypotension when combined with halothane anaesthesia (Johnstone, 1956) . In case No. 32 it proved impossible to reverse the action of tubocurarine postoperatively. Artificial ventilation was maintained for six days and tracheostomy was performed although this patient showed many of the signs of "neostigmine resistant curarization" (Hunter, 1956) , it is possibly significant that, despite correction of the acidosis (Brooks and Feldman, 1962) , the patient did not improve until renal function returned.
Gallamine triethiodide is unsuitable because it is excreted entirely by the kidneys (Mushin et al., 1949) ; in the event of failure of the transplant to secrete urine postoperatively, apnoea may persist for several days (Jenkins, 1961) .
Decamethonium is virtually entirely excreted in the urine (Wood-Smith and Stewart, 1962b); case No. 36 received this drug for splenectomy and left nephrectomy 48 hours following transplantation; postoperative apnoea lasted for 3 hours.
Inhalation agents.
Halothane was selected as the most suitable inhalational agent. Histopathological studies have revealed only minor cytological changes in the kidneys of experimental animals after halothane anaesthesia (Raventos, 1956; Burns et al., 1957) . Johnstone (1956) reporting on the use of halothane in man could find no evidence of toxic effects on the kidneys during anaesthesia.
The deleterious effects of halothane on the cardiovascular and respiratory systems, the former leading to a fall in renal blood flow proportional to the degree of hypotension (Black, 1965) and the latter to retention of carbon dioxide and associated cardiac irregularities (Black et al., 1959) , were minimized by the use of low concentrations (1-1.5 per cent) and by maintenance of adequate pulmonary ventilation.
Cyclopropane is not suitable for maintenance of anaesthesia, because it acts on the sympathetic system in a manner similar to ether and also has a marked antidiuretic effect (Aprahamian et al., 1959) . Employment of diathermy coagulation is prohibited, this being an unacceptable restriction in heparinized patients.
Ether is also unsuitable; oliguria is common postoperatively and anuria is likely when deep anaesthesia is prolonged (Wood-Smith and Stewart, 1962a ). In addition, Dudley and his colleagues (1954) have shown that there is a postoperative antidiuresis, due to an increased secretion of ADH.
Trichloroethylene has not been used because it activates the sympathetic system, can give rise to cardiac arrhythmias and tachypnoea, and is a poor muscle relaxant.
Pressor agents.
The actions of sympathomimetic amines on the transplanted renal vessels have been studied by Brickner and associates (1956) ; they showed, in a pair of twins one of whom had donated a kidney to the other, that the transplanted renal vessels underwent vasoconstriction when noradrenaline was given intravenously. They concluded that this was a direct effect of noradrenaline on the transplanted vessels. In a similar manner, renal artery spasm in the transplant following release of the clamps, which is unresponsive to vasodilators applied locally, may be due to circulating catecholamines. Other factors, however, such as trauma to the kidney during removal from the cadaver, handling of the artery during surgery, and the administration of vasopressors to the donor before death, must also be considered.
Methylamphetamine is the only sympathomimetic amine which increases renal blood flow (Churchill-Davidson et al., 1951) ; this work, however, was undertaken on normal kidneys retaining an intact nerve supply, so that methoxamine, which acts purely peripherally (Li, Shimosato and Etsten, 1965) , would seem more suitable in patients with hyperkalaemia.
Hyperkalaemia.
This is a feature of chronic renal failure and despite pre-operative treatment may be present at the start of operation (table I). If the serum potassium level rises above 7 m.equiv/1., marked changes occur in the electrocardiogram. Further elevation of the level leads to ventricular tachycardia and eventually to fibrillation (Goldman, 1962) .
Rapid transfusion of stored blood or plasma may markedly raise the serum potassium level, giving rise to hypotension and changes in the electrocardiogram (see above). Marshall (1962) and Zorab and co-workers (1965) have reported cases of cardiac arrest due to hyperkalaemia following the rapid administration of triple strength plasma in patients whose serum potassium was previously normal. Bank blood, depending on the length of storage (Maizels, 1943) , may contain 5-35 m.equiv/1. of potassium in the plasma and this may be sufficient to produce toxic effects in a patient who is already hyperkalaemic. For this reason fresh blood should be used whenever possible, although in practice the problem of cross-matching a previously transfused patient may prove insuperable in the time available (see case No. 31).
During operation the electrocardiogram is monitored continuously, and 1 g of 10 per cent calcium gluconate is given for every litre of blood transfused, additional amounts being given if any changes should still be seen on the oscilloscope (Ludbrook and Wynn, 1958) .
Hyperkalaemia may also occur in the immediate postoperative period (Dunea et al., 1965; Mowbray et al., 1965) , and is accentuated if acute tubular necrosis develops in the transplant. Peritoneal dialysis and ion-exchange resins are used to control this rise.
Electrocardiographic changes.
In spite of high serum potassium levels in some patients, few significant changes were seen in the electrocardiogram. Ectopic beats, usually of ventricular origin, have responded to assisted ventilation or to intravenous injection of propranolol (Inderal) 1-2 mg (Rowlands et al., 1965) . Bradycardia has always responded to atropine. In case No. 35, however, runs of multifocal ventricular ectopic beats were observed, being constantly associated with handling of the patient's own kidneys. These were thought to be due to inadvertent adrenal compression; the serum potassium level was normal. Acid-base and fluid homeostasis.
Pre-operatively, peritoneal dialysis has been largely successful in maintaining acid-base and fluid balance. Since metabolic acidosis may develop These patients pose additional problems to those already outlined. Steroid therapy, commenced at the time of transplantation, is continued postoperatively with prednisone 20 mg/day, and the azathioprine (Imuran) dose is increased from 1 mg to 5 mg/kg/day. Extra steroid cover, therefore, is given before any further surgical procedures and strict asepsis is again observed.
The patient who has undergone a successful renal transplant may also need surgery for an unrelated condition later in life. Therapy with steroids and azathioprine is at the present time continued for an indefinite period, so that the same precautions should be observed. 
